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IRINODA, Tatsuya YOKOYAMA, Shigeko NEMOTO and Jiro YAMAGUCHI (Received August 4, 1957) A series of detailed histological studies on the innervation, especially on the sensory innervation of the mucous membrane of the larynx have been reported by many investigators of this laboratory, shedding much light on the subject. For example, SASAKI and MATSUMOTO took the larynges of human adults, MOMONO that of 10th month human embryos and KOIZUMI that of adult dogs and dog embryos as materials and obtained very dependable results. Indeed we must not forget to mention the studies on the same subject by LINDEMANN (1892) , BOLDYREW (1871), SIMANOWSKY (1883), RETZIUS (1892) and ARNSTEIN & PLOSCHKO (1892) and some others reported since the last century, but owing to the imperfections of the staining methods available in their days, few notable results have been awarded. In succession to these histologists, we also were granted the opportunity of studying the same subject, employing the laryngeal parts of rabbits as frontal frozen sections and stained with SETO's impregnation in common use at this laboratory.
The very beautiful microscopic preparations thus obtained were subjected to minute microscopic examination, and the results were studied in collation with the findings on the human and the canine larynges, from the angle of comparative anatomy. Prior to the details on its innervation, we will first speak on the fine structure of the larynx of rabbit.
What is most interesting here, is that, the plica ventricularis is particularly poor in development, failing to jut out into the laryngeal cavity, that is, to show any structure worthy of the name of a fold. The ventriculus laryngis is in the form of a mere very shallow depression and the plica vocalis is nothing but a poor mucous fold. Such a simple structure of the vocal apparatus of the rabbit is enough in itself to show why the rabbit has such a voice poor in variation and volume as is well known.
The arytenoid cartilage is in direct contact with the mucous membrane in the lower part of the larynx, and from its tip a long and thin process often protudes toward the plica vocalis. of the epiglottis, branches out into many nerve bundles. It is easy to surmise that the vagal fibres come into anatomosis here and there with the fibres of the sympathicus. The nerve bundles redivide into finer bundles and spread out in the mucous membrane of all the parts of the larynx, including both the sides of the epiglottis.
The nerves coming into the epiglottis mainly run into the mucous membrane of the side facing the larynx, only a very few of them running toward the lingual side. This finding is in agreement with what has been reported on the Innervation of the human epiglottis (SASAKI, MATSU-MOTO and MOMONO) and the canine epiglottis (KOIZUMI). As no pores are found in the epiglottis cartilagc of the larynx of rabbit, the nerve bundles running toward the laryngeal side of the epiglottis, instead of running through such pores, run directly to the side from the lateral side of epiglottis.
In the laryngeal side these nerve elements form plexus spreading out in planes reaching from the submucosa into the propria, but in development, this is much poorer in rabbit than even in dog, not to speak of the human epiglottis.
The nerve fibres running to the lingual side of the epiglottis are so small in quantity that no plexus-like formation is possible in the subepithelial connective tissue there of the rabbit's epiglottis, unlike those in the counterpart of man or dog. The nerve fibres running into the mucous membrane of the parts of the larynx other than the epiglottis are far smaller in number.
These run via the mucoua of the plica ventricularis into that of the ventriculus laryngis, then through the plica vocalis into the mucous membrane of the lowest part of the larynx. These are more numerous than those running to the lingual side of the epiglottis, but form no nerve plexus worth mentioning in the propria.
The supply of nerve fibres is particularly poor in the thin propria in the part between the lower ends of the plica vocalis and of the arytenoid cartilage, usnally no sensory fibres being found here at all. The mncous membrane of the epiglottis, especially, its laryngeal side, is the part best provided in sensory fibres fo all the laryngeal mucous membrane, in rabbit as much as in man or dog. But the development of their terminations, as described hereunder, is incomparably poorer in rabbit than in man and even far poorer than in dog.
For example, in the human larynx, the sensory terminations I and II concerned with the HERING's blood pressure falling reflex are in typical formation.
In the canine larynx Type I of such terminations is absent but simply formed Type II terminations are frequently found. In the larynx of rabbit, such terminations were never found, even in the laryngeal side of the epiglottis.
Corpuscular terminations especially of glomerular type, both complex and simple, are not rare in the human larynx and simple ones are found in the canine larynx too, but not one of such terminations, even of the simplest type, was observed in the larynx of rabbit. There is no difference, however, between the larynx of rabbit and that of man or dog in that very thick sensory fibres specific to this part are found running therein. Of course, thinner sensory fibres are also common to the larynges of all these. Such sensory fibres all end in unbranched or simple branched terminations in the subepithelial connective tissue or within the epithelium, no such branched terminations of considerably complex structur as found in the human or the canine larynx being ever found in my specimens of rabbit's larynx.
In Fig. 1 are shown or less thinner fibres. The intraepithelial terminations from thinner fibres are mostly of a somewhat more complex branched type than those from the enormously thick fibres above (Figs. 3 and 5) .
As outlined in the above, a rather large quantity of sensory terminations are found in the mucous membrane of the side of the epiglottis facing the larynx of rabbit, but these are perceptibly poorer than those in the canine counterpart (KOIZUMI) and incommensurately poorer than those in the adult human epiglottis, both in number and structure. They are somewhat below the same in 10th month human embryos in development, but structurally they show closest resemblance to these, Sensory terminations are found only sporadically in the mucous membrane of the epiglottis facing the tongue, and consist here mainly in unbranched and simple branched terminations.
Here, none is found originating in particularly thick fibres or ending in the epithelium. A small number of taste-buds may be seen in the epithelium on the lateral edges of the side of the epiglottis facing the larynx, but the sensory fibres supplied to them are so few, that these taste-buds must be looked upon in the light of mere rudimentary entities without functional significance.
The plexus formation in the propria grows poorer as we go downwards from the plica ventricularis toward the ventriculus laryngis, the number of sensory terminations lessening proportionately. In this part, however, simple terminations are still found formed in the propria and the epithelium, though but sporadically. But in the region between the plica vocalis and the lower end of the arytenoid cartilage, the number of sensory fibres is further reduced, and though in the ridge of the plica vocalis a very few simple terminations are found as yet, lower beyond it, no sensory termination could be found. In the mucous membrane between the lower end of the arytenoid cartilage and the entrance to the trachea sensory fibres begin to reappear and simple sensory terminations are again found in the propria and the epithelium there.
In summary of our study reported in the above, we may say that the larynx of rabbit is richly provided with sensory fibres but the innervation is much poorer than in the larynx of dog. The largest majority of the sensory fibres supplied to the larynx run to the laryngeal side of the epiglottis and end in unbranched or at most in simple branched terminations in the subepithelial propria or the epithelium, no such highly differentiated terminations as found in the human and the canine larynges being found in existence in the larynx of rabbit. It is interest, however, that very thick fibres specific to the laryngeal mucosa are found in that of rabbit also in a quantity.
The sensory fibres distributed in the lingual side of the epiglottis is poor in number and intraepithelithelial fibres are also nearly absent here. The sensory innervation grows poorer in the order of the plica ventricularis, the ventriculus laryngis, the plica vocalis and the poorest in the mucous membrane around the arytenoid cartilage.
